Abstract. This paper works on the curvature composite structure for wing leading edge application using fabric carbon/epoxy material subjected to impact loading. At first stage, rigid spherical projectile and elliptical panel with were used. The impact testing has been carried out by varying the radius of curvature, the thickness of the panel and different stacking sequence. The experimental results show the trend of specific energy absorption capability of structure in function of the radius, thickness of panel and carbon fiber directions.
Introduction
Impact tests are very important to determine the energy absorbed. The amount of energy absorbed can give an indication of the toughness of a material. Toughness is the ability of a material to resist fracture when subjected to impact loading. The wing of an aircraft comprises of leading edge (LE), trailing edge (TE), fuel tank, spar, skin, wing flap, aileron, stringers, wing tip and ribs. The wing and tail leading edge most commonly subjected to impact loading due to bird impact or hail impact during taxiing and takeoff maneuver. The projectile could penetrate the structure and, for severe case, hit the fuel tank compartment located just behind the leading edge which will jeopardize the safety of aircraft [1, 4] .
In the other hand, the comprehension of impact on a curved panel such as wing leading edge by rigid projectile with different parameter of structure such as the curvature radius, the thickness of panel is interesting and important to be established for the design of curved panel subjected to impact loading. This research deals with the very first step of bird impact study on wing leading edge whereby a rigid contact is carried out on a model a "one bay" of wing leading edge structure. The wing leading edge is modeled by semi-circular / elliptical with different radius, thickness and fiber direction.The basic principle of an impact machine is setting an impactor with a given speed, to collide the specimen. The absorption of impact energy is an important factor in the study of impact as the results will give information on the performance of materials with the influence of the thickness, radius of curvature and the direction of the fibers of the sample tested.
Experimental
Experimentally, three different shapes of composite specimen which are flat plate, semicircular and semi ellipse having three different thicknesses which are 2 layers, 4 layers and 8 layers of carbon fiber fabrics were prepared and impacted by semi spherical strikers diameter with 20 mm diameter shows in Fig.1 . The fabrication process are shown in Fig.2 The influence of thickness, radius of curvature and fabric fiber orientation,[0/90] n and[45/-45] n to the energy absorption capability of structure is drawn. The total mass of striker is of 25 kg with a velocity of 10 m/s to obtain a sufficient energy of impact to fail the structure. The failure mechanism of each curved panel is observed to determine its energy absorption capability. The specimens were impacted using the IMATEK Impact machine (IM10-30). The machine records the impact velocity just before impact and the force during impact. The recorded information can derive the force history, velocity history and energy absorbed by the structure. 
Fig. 2 Fabrication Process

Experimental Results and Analysis
The software from the Imatek Impact Test machine gives three different results that are velocity versus time, force versus time and energy versus time as in Fig.3 .We used the graph velocity versus time to determine the absorbed energy. From the minimum point of velocity,the value of force during impact and energy absorption by the specimen can be obtained. Table 1 below shows the energy absorbed by different thickness of the specimens.Because of its very thin thickness, the 2 layers specimen absorbs very little energy and it is very difficult to Start of Impact Finish of Impact find the exact point at which the force becomes zero, which means the end of the impact is when the impactor is passed through the specimen.Not surprisingly, we observe a loss of speed and energy absorbed by the thickest specimen(8 layers of carbon fiber) much larger than the others.
Fig 4. Force versus Time
From Fig. 4 , can be explained that the force is zero until the impactor comes into contact with the composite specimen. Here the force increases and the specimen begins to be flexed. Then flexion causes micro cracks in the matrix at the lower layer and then throughout the composite specimen. The cracking of the matrix causes changes in the force. When the matrix begins to saturate cracking there is a phenomenon that appears delamination. The delamination creates a slight drop in strength as the composite bends more easily; there is almost no liaison between the matrix fibers and layers. It thus follows the break of the first layer. Once the first layer of broken fiber strength decreases slightly until the impactor reaches the second layer and the strength increases, the second layer breaks, and so on for eight layers. Meanwhile the general shape of the force decreases because the plate is less dense. When all the plate is broken the force becomes constant Experimental results show that, the energy absorption capability for the 4 and 8 layers specimens could be determined by the striker passing through the structure, while for specimen with 2 layers of thickness, the deformation only reached the base of support(hole created only after large displacement of curved structure).
Influence of the thickness.The energy absorbed by the structure for specimens with different thickness but with the same radius of curvature (R = 0.5 L0) and the same fiber direction [0 ° /90 °] are listed in Table 1 . 
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The results show the influence of the thickness of the specimen in relation to the energy absorbed. From Table 1 ,it can be observed that energy absorption increases with the thickness of the specimens. In fact, for specimens having higher thickness, higher energy is required to deform them. The energy absorbed by the structure for specimens with different radius of curvature are listed in Table 2 .
Fig 5.Energy versus Thickness
From Fig 5 above shows the influence of the thickness of the specimen in relation to the energy absorbed. Observed that as the thickness increases, the energy absorption also will increase linearly.
Influence of radius of curvature.The second parameter to consider is the influence of the radius of curvature. For this study, test specimens of different radii but with the same thickness (2 layers) and the same fiber direction (0 ° -90 °)were tested.From the results, observed that the energy absorption increase with the radius of curvature. For specimens which having the largest radius R = Lo (Lo=140mm), require higher energy to deform them. Table 2 shows the energy absorbed by the specimens having different radius of curvature. Fig.6 above ,observed that as radius of curvature increases, the energy consumption increases. it seems that the curve reached an optimum point, nevertheless more experiments need to be performed to find the optimum point.
Influence of fiber direction.For this study,energy absorbtion capability are compared between specimens having 8 layers of thickness with a radius of curvature 'R = 0.5L0 while varying the fiber direction of [0 ° / 90 °] 8 and [45 ° / -45 °] 8 . The energy absorbed by the structure for specimens with different fiber direction are listed in Table 3 . The effect of fiber orientation on the capability of energy absorption was studied and it was found that [45°/-45°] 8 is the best configuration that absorbs maximum energy.
Specific energy. If the specific energy absorption ( the ratio between energy absorption capability and total mass of panel) is plotted against the curvature radius of panel for a specific striker diameter as shown in Fig.7 . Fig. 7 Specific energy versus radius of curvature It can be concluded that the specific energy absorption is increases to a point and then decreases after it. This maximum point which represents the maximum radius of curvature is between 75mm and 110mm. Specific energy absorption for 8 layers thickness is the largest compare to 2 and 4 layers. It is an interesting result since one can predict the energy absoprtion capability of a curved panel with certain skin thickness and curvature radius subjected to impact loading created by a certain radius of semispherical rigid striker.
Conclusion
Experimental results show that, the energy absorption capability for the 4 and 8 layers specimens could be determined by the striker passing through the structure, while for specimen with 2 layers of thickness, the deformation only reached the base of support. Fig. 8 shows the failure on the curved panel. Specimens having higher thickness are more difficult to fail compared to thinner specimens. From Fig.7 ,it can be concluded that the energy absorption capability will increase with the thickness and radius of curvature. But it tends to converge to optimal radius and decreases after this specific point. The results show that optimal radius of curvature of a sample of carbon fiber is between 75mm and 110mm.
